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Background: There are few known studies investigating the correlation of symptomatology with the specific
subtypes of cervical spine degenerative joint disease demonstrated on radiograph. The aim of this study was to
assess the correlation and diagnostic test accuracy of specific symptoms in determining the presence, type and
severity of degenerative joint disease on radiograph.
Methods: A retrospective cross-sectional design was used to correlate cervical radiographic findings with neck pain
and related symptomatology. Radiographs of 322 patients from April 2010 to June 2012 were assessed and evidence of
radiographic cervical degenerative joint disease was extracted. Clinical data for each patient was obtained from their
patient files including: pain using a VAS, presence of neck stiffness, presence of headaches, presence of shoulder referral,
presence of hand radiculopathy and presence of hand numbness. Measures of diagnostic test accuracy and regression
analysis were used to assess for any correlation between symptoms and radiographic findings.
Results: Referral of pain to the shoulder and neck stiffness showed small degrees of correlation with cervical
degenerative joint disease, however, these correlations were not maintained when age was accounted for. Only age
showed consistent statistical significance as a predictor for degree of disc degeneration (correlation coefficient
(95% confidence interval): 0.06 (0.055, 0.066)); the presence of facet hypertrophy (odds ratio (95% confidence interval):
1.12 (1.09, 1.15)); or uncinate process hypertrophy (odds ratio (95% confidence interval): 1.15 (1.12, 1.18)). Neck stiffness
demonstrated a small degree of diagnostic test accuracy for the degree of cervical disc degeneration (area under the
curve (95%CI): 0.62 (0.56, 0.68)) and the presence of either facet (diagnostic OR (95%CI):1.69 (1.04, 2.76)) and uncinated
process hypertrophy (LR+ (95%CI): 1.17 (1.00, 1.38)).
Conclusion: The results of this study indicate that clinical symptoms such as pain level, headaches, shoulder referral
and hand radiculopathy or numbness are not reliably correlated with radiographic findings of degenerative joint
disease in the cervical spine. A small increase in diagnostic accuracy between the presence of neck stiffness and all
forms of cervical degenerative joint disease is shown, however, this increase is not at the level expected to change
clinical practice.
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Neck pain is a widespread entity that affects a large major-
ity of the population. The prevalence is greatest amongst
middle-aged people, with approximately 66% of individuals
experiencing neck pain and related symptoms at some
stage in their lives [1,2]. Neck pain is also the second most
frequent musculoskeletal complaint presenting to primary
healthcare practitioners [3] and most people with neck
pain do not experience a complete resolution of symptoms
[4]. Although there is a large prevalence of neck pain, neck
pain is difficult to diagnose [4] and therefore, to treat.
Among the many causes of neck pain, degenerative
joint disease of the cervical spine is a common condition
affecting the synovial joints [5] with a prevalence of 3.3
cases per 1000 people [6]. It is characterised by a series
of degenerative changes comprising intradiscal tears with
subsequent disc space loss, osteophytic growths and spur
formation, ligamentous hypertrophy and capsular thick-
ening [7]. Cervical spine degenerative joint disease oc-
curs mostly in 4th and 5th decades and is associated with
the natural aging process [8]. It also varies in presenta-
tion, with the most common complaints consisting of
neck pain, activity related neck stiffness, headaches and
upper limb referral [7].
Magnetic resonance imaging (MRI) remains the most
advanced assessment tool to evaluate degenerative
changes, however the costs and accessibility to this type
of imaging requires clinicians to differentiate those pa-
tients that require this level of investigation. Plain film
radiography is the most commonly used modality to
diagnose degenerative joint disease [9], however the lit-
erature indicates that radiographic findings do not cor-
relate well with pain and symptoms [10,11]. It also has
been suggested that the use of plain film radiography
based solely on the suspicion of detecting degenerative
changes is not clinically justified [12,11].
Marchiori and Henderson [13] compared radiographic
findings of spinal degeneration with severity and chron-
icity of cervical pain and any resulting lifestyle changes in
700 consecutive patients referred for a cervical radio-
graphic examination. The authors concluded that increas-
ing levels of spinal degeneration are related to increased
chronicity of patient complaints. Gore et al. [14] in 1987
completed an investigation in 205 patients previously
seen for a neck complaint. A follow up radiographic exa-
mination was conducted after a minimum of ten years to
assess for subsequent spinal degeneration. The results
concluded no significant relationship between the degree
of spinal degeneration and patient symptoms at either ini-
tial presentation or at follow up. Heller et al. [11] exam-
ined the relation between symptoms and changes seen on
radiograph in a hospital setting. Using the symptoms of
pain in the arm or shoulder, shoulder blade, neck, and
back of the head and stiffness in the neck, they concludedthat there were few and inconsistent relationships between
symptoms and changes on radiograph. However, they did
not examine whether hallmark symptoms could be pre-
dicting factors in diagnosing the severity or grade of cer-
vical degenerative joint disease.
The aim of this study was to assess for correlation and
the diagnostic test accuracy of hallmark symptoms in
determining the presence, type and severity of cervical
degenerative joint disease on radiograph.
Methods
Sample selection
The subjects included in this study were patients attending
one of three Macquarie University Chiropractic Teaching
Clinics who had cervical radiographs taken between April
2010 to June 2012. Of the 502 studies taken in this period,
180 were excluded, as they were: under 18 years of age,
had incomplete or absent patient files or the cervical radio-
graphic quality was too poor to interpret (non-diagnostic).
This study complies with national research ethics guide-
lines and was approved by the Macquarie University
Human Research Ethics Committee (HREC), approval
number: 5201300294.
Data collection
Two members of the research team accessed the chiro-
practic clinic’s radiographic report database to find all
cervical spine radiographs taken within the selected time
period. The radiographic reports were assessed and the
following information was recorded: name, date of birth,
gender and presence of degenerative joint disease (Yes/
No) on cervical anteroposterior (AP) and lateral views.
The AP and lateral radiographs reported to have signs of
cervical degenerative joint disease were then accessed
and graded using the Kellgren and Lawrence Osteoarth-
ritis Severity Grading System [15-17] by the same two
research members. The presence of facet hypertrophy
and uncinate process hypertrophy was also recorded
(Yes/No). The assessed radiographic reports were re-
ported by chiropractic radiologists at the time of im-
aging. The two members of the research team assessing
the radiographs for the grading of degenerative joint dis-
ease were both in their final year of chiropractic studies.
The names of the included patients were then provided
to three other research team members, also in their final
year of chiropractic studies, uninvolved with the radio-
graphic data collection to preserve blinding. These re-
searchers located the corresponding patient files in the
clinics and extracted clinical data taken at the time of cer-
vical radiographic referral, relating to the following: cer-
vical pain levels (measured on the visual analogue scale
(VAS)); the presence (Yes/No) as reported by the patient
of: headaches, neck stiffness, pain referral to shoulders, ra-
dicular symptoms to the hands and numbness in the
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treatment or management plans was not recorded.
The recorded data was allocated to an independent
group member, also in their final year of chiropractic stud-
ies, with no involvement in the radiographic or clinical
data collection processes, to analyse and compare the
results. Intra- and inter-observer reproducibility on the
radiographic evaluations and extraction of clinical data
was not performed, however, the radiographic evaluations
were performed independently by two members of the re-
search team. Results were compared and any discrepancies
were discussed and arbitrated by the group supervisor, a
chiropractic radiologist. Extraction of clinical data was
from standardised files used in a chiropractic teaching in-
stitution. Files were excluded from analysis if they had in-
complete or ambiguous data with respect to the symptoms
being assessed.
Instruments
Kellgren and Lawrence osteoarthritis severity grade
Disc degeneration is a component of cervical degenerative
joint disease. Kellgren developed certain criteria to classify
and grade disc degeneration in the spine [15-17]. It uses
the presence and severity of osteophytes, disc space nar-
rowing and sclerosis to grade the level of degenerative disc
disease present within a vertebral level on a grade of 1to 4
as outlined in Table 1. This assessment tool was selected
based on its accuracy, reproducibility and recent validation
for osteoarthritis in the cervical spine [18].
Presence of facet joint hypertrophy and uncinate process
hypertrophy
These radiographic findings are also components of cer-
vical degenerative joint disease [5]. Disc degeneration, facet
joint hypertrophy and uncinate process hypertrophy may
occur independently or in combination with each other.
There is no known grading scale for facet joint and uncin-
ate process hypertrophy, therefore the presence or absence
of these findings was assessed (Yes/No).
Visual Analogue Scale (VAS)
The VAS is a subjective measurement of a person’s pain
intensity on a scale of 0 (no pain) to 10 (worst pain you
have ever felt). This scale was used as it’s a commonly
implemented tool for patients presenting at the studentTable 1 Kellgren-Lawrence grading scale [15]
Grade 0 No signs of degenerative disc disease
Grade 1 Minimal anterior osteophytes
Grade 2 Definite anterior osteophytosis with p
Grade 3 Moderate narrowing of the disc space
Grade 4 Severe narrowing of the disc space wclinics. The VAS is also considered valid, reliable and ap-
propriate for clinical use [19,20].
Presence of headaches, neck stiffness, referral to shoulder,
radicular symptoms in hands and numbness in hands
These symptoms are common complaints associated with
cervical degenerative joint disease which are well de-
scribed in the literature [5]. The presence of these symp-
toms was recorded (Yes/No) as reported in the clinical
files at the time of radiographic referral.
Data analysis
Linear or logistic regression analysis was used to assess
for correlations between radiographic findings of cervical
degenerative joint disease as the dependent variable and
independent predictor variables. The independent pre-
dictor variables assessed were: gender, age, VAS, pres-
ence of neck stiffness, presence of headache, presence of
shoulder referral and presence of hand radiculopathy or
numbness.
Diagnostic accuracy testing was used to assess dichot-
omous data. Dichotomous data included the presence of
facet hypertrophy and uncinate hypertrophy as dependent
variables. These were tested for positive and negative cor-
relations to the presence or absence of headache, neck
stiffness, shoulder referral, hand radiculopathy and hand
numbness as predictor variables. Sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LR+), negative likelihood
ratio (LR-) and diagnostic odds ratios (OR) were calcu-
lated with 95% confidence intervals (95%CI).
ROC curves were used to assess for the diagnostic test
accuracy of continuous data compared to dichotomous
data. Comparisons were made between the grade of disc
degeneration as a dependent variable and the presence of
headache, shoulder pain, neck stiffness, hand radiculopa-
thy or hand numbness as independent predictor variables.
The area under the ROC curve with 95%CI was calculated
to assess for statistical significance of the diagnostic test
accuracy.
Results
322 subjects were included in the study. Of these, 162
(50.3%) subjects were male, the mean age was 40.5
(standard deviation 17.4) and 78 (24.2%) subjects had no
radiographic signs of cervical degenerative joint disease.ossible narrowing of the disc space and some sclerosis of vertebral plates
with definite sclerosis of vertebral plates and osteophytes
ith definite sclerosis of vertebral plates and multiple large osteophytes
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degenerative joint disease in the cervical spine.
Kellgren Lawrence grade of cervical disc degeneration
Linear regression analysis was conducted to examine the
relationship between the Kellgren Lawrence grade of disc
degeneration and the independent predictor variables. A
significant trend could only be extrapolated for age as an
independent variable. As demonstrated in Figure 1, the
correlation coefficient (95%CI) of 0.06 (0.055, 0.066) shows
a positive trend and variation around the regression line is
acceptable as indicated by the R2-value of 0.61. This indi-
cates that for every 16.7 years a person ages, their grade of
cervical disc degeneration is expected to increase by 1 on
the Kellgren Lawrence grading scale.
Assessment of diagnostic accuracy between the Kellgren
Lawrence grade of disc degeneration and specified symp-
tomatologies was performed using ROC curves. The pres-
ence of neck stiffness and the presence of shoulder referral
did show mild evidence of diagnostic accuracy in predict-
ing disc degeneration as depicted in Figures 2 and 3. The
area under the curve (95%CI) measured 0.62 (0.56, 0.68)
and 0.60 (0.54, 0.67) respectively. Although these values
were statistically significant the clinical significance is un-
certain as these values do not represent high levels of diag-
nostic accuracy. The area under the curve (Area under
curve (95%CI)) for headaches (0.43 (0.36, 0.50)), hand radi-
culopathy (0.57 (0.47, 0.67)) and hand numbness (0.57
(0.47, 0.68)) did not exhibit statistical significance. There-
fore, the presence of headaches, hand radiculopathy and
hand numbness did not predict the grade of disc degener-
ation on cervical radiograph.
Presence of cervical facet joint hypertrophy
Logistic regression analysis was conducted to examine the
relationship between presence of facet joint hypertrophy
and the independent predictor variables. Only age showed
a significant relationship with an odds ratio (95%CI) of
1.12 (1.09, 1.15). Therefore, for every year increase in age
the odds of having facet hypertrophy increase by 1.12.
Table 3 depicts the diagnostic accuracy outcomes for
the presence of facet joint hypertrophy and the presenceTable 2 Distribution of radiographic findings of cervical spine
Disc degeneration Facet hypertrop
Kellgren Lawrence grade No. (%) Presence (Y/N)
0 78 (24.2) Y




Total 322 (100) Total
No.: Number of subjects exhibiting the finding; Y: Yes; N: No.of specified symptomatologies. The presence of neck stiff-
ness was the only symptom to demonstrate statistically
significant diagnostic accuracy with diagnostic OR (95%
CI) of 1.69 (1.04, 2.76). Despite being statistically signifi-
cant, however, this only represents a small increase in the
odds of having facet hypertrophy on radiograph in the
presence of neck stiffness. Hand radiculopathy and hand
numbness both exhibited a high specificity for the pres-
ence of facet joint hypertrophy on radiograph at 0.89
(0.84, 0.93) and 0.90 (0.85, 0.94) respectively. Therefore, if
there is no facet joint hypertrophy on radiograph then it is
unlikely that the patient will have presented with hand
radiculopathy or hand numbness.
Presence of cervical uncinate process hypertrophy
Logistic regression analysis was conducted to examine the
relationship between presence of uncinate process hyper-
trophy and the independent predictor variables. Only age
showed a significant relationship with an odds ratio (95%
CI) of 1.15 (1.12, 1.18). Therefore, for every year increase
in age the odds of having uncinate process hypertrophy in-
crease by 1.15.
Table 4 depicts the diagnostic accuracy outcomes for the
presence of uncinate process hypertrophy and the presence
of specified symptomatologies. Neck stiffness demonstrated
a small positive correlation with the presence of uncinate
process hypertrophy with a sensitivity (95% CI) of 0.70
(0.61, 0.77) and LR+ (95% CI) of 1.17 (1.00, 1.38). There-
fore, the presence of neck stiffness correlates with a mild
increase in the odds of having uncinate process hy-
pertrophy on radiograph. Hand radiculopathy and hand
numbness both exhibited a high specificity for the presence
of uncinate process hypertrophy on radiograph at 0.91
(0.85, 0.94) and 0.92 (0.87, 0.95) respectively. Therefore, if
there is no uncinate process hypertrophy on radiograph
then it is unlikely that the patient will have presented with
hand radiculopathy or hand numbness.
Discussion
In this study, symptomatology was not correlated with the
presence of cervical degenerative joint disease. The only
independent predictor to show consistent significantdegenerative joint disease
hy Uncinate process hypertrophy
No. (%) Presence (Y/N) No. (%)
118 (36.6) Y 141 (43.8)
204 (63.4) N 181 (56.2)












































Figure 1 Correlation of disc degeneration vs age.
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joint disease was age. Cervical pain levels, measured by
VAS, and the presence of headaches did not provide any
increase in diagnostic accuracy for the presence of cervical
degenerative joint disease. Hand radiculopathy and hand
numbness did not show any correlations with grade of de-
generative disc disease, however they did exhibit high spe-
cificity for the presence of facet joint or uncinate process
hypertrophy. Although a correlation between radiographic
findings and symptomatology is evident here, clinically
this result does not aid the clinician in predicting the pres-
ence or absence of cervical degenerative joint disease from
the presence or absence of these symptoms.
The presence of pain referring to the shoulder exhibited
statistically significant but low diagnostic test accuracy
with the grade of degenerative disc disease in the cervicalFigure 2 ROC curve for presence of neck stiffness vs grade of
disc degeneration.spine. The area under the ROC curve, despite being statis-
tically significant at 0.60 (95%CI: 0.54, 0.67), only repre-
sents a low level of accuracy in predicting radiographic
findings of degenerative disc disease from the presence of
shoulder referral. Similarly the accuracy of the presence of
neck stiffness in predicting cervical disc degeneration also
had an area under the ROC curve of 0.62 (95%CI: 0.55,
0.68), indicating a statistically significant result but of low
diagnostic accuracy.
As a symptom, the presence of neck stiffness showed
mild diagnostic test accuracy with all radiographic find-
ings associated with degenerative joint disease of the cer-
vical spine. The correlation of the presence of neck
stiffness with radiographic evidence of cervical degenera-
tive joint disease is plausible considering the combin-
ation of hypertrophic changes to the articular surfaces ofFigure 3 ROC curve for presence of shoulder referral vs grade
of disc degeneration.
Table 3 Diagnostic accuracy of specified symptomatologies for facet joint hypertrophy
Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI) LR+ (95%CI) LR- (95%CI)
Headache 0.28 (0.21, 0.37) 0.65 (0.59, 0.71) 0.32 (0.24, 0.42) 0.61 (0.54, 0.67) 0.81 (0.57, 1.14) 1.1 (0.95, 1.28)
Neck stiffness 0.71 (0.63, 0.79) 0.4 (0.34, 0.47) 0.41 (0.34, 0.48) 0.71 (0.62, 0.78) 1.2 (1.02, 1.41) 0.71 (0.51, 0.98)
Shoulder referral 0.41 (0.32, 0.5) 0.64 (0.57, 0.7) 0.4 (0.31, 0.49) 0.64 (0.57, 0.71) 1.13 (0.85, 1.5) 0.93 (0.77, 1.11)
Hand Radiculopathy 0.14 (0.09, 0.21) 0.89 (0.84, 0.93) 0.42 (0.28, 0.58) 0.64 (0.58, 0.69) 1.26 (0.69, 2.3) 0.99 (0.89, 1.06)
Hand Numbness 0.1 (0.06, 0.17) 0.9 (0.85, 0.94) 0.36 (0.22, 0.53) 0.63 (0.58, 0.69) 0.99 (0.5, 1.94) 1.0 (0.93, 1.08)
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tension that can cause neck stiffness [21]. However, the
LR+ for both facet joint and uncinate process hyper-
trophy, despite exhibiting statistical significance, were at
values associated with low levels of diagnostic accuracy
that would not be expected to change clinical practice
[22]. In addition, when regression analysis was per-
formed, and age and gender were also accounted for,
neck stiffness did not show statistically significant correl-
ation with any form of cervical spine degenerative joint
disease.
The results of this study agree with previous studies
that the severity of cervical degeneration is not corre-
lated with the degree of pain perceived [3,10,12,14]. This
study adds to the body of evidence in this area by asses-
sing the different radiographic findings associated with
cervical degenerative joint disease individually and by
grading the extent of degenerative disc disease using
established grading criteria. Symptoms associated with
cervical degenerative joint disease were also assessed in-
dividually for diagnostic accuracy. Although results were
similar between disc degeneration, facet joint hyper-
trophy and uncinate process hypertrophy, some statisti-
cally significant differences were noted. The grade of
disc degeneration correlated most significantly with the
presence of neck stiffness or referral of pain to the
shoulder, whereas, facet joint and uncinate process
hypertrophy showed correlation with the presence of
neck stiffness and high specificity with upper limb ra-
dicular symptoms.
The main limitation of this study is the retrospective
study design. Only subjects who had been referred for
cervical imaging were assessed and this would have
skewed the sample towards subjects with symptomatol-
ogy. In addition, clinical files were accessed to obtainTable 4 Diagnostic accuracy of specified symptomatologies fo
Sensitivity (95% CI) Specificity (95% CI) P
Headache 0.3 (0.24, 0.39) 0.66 (0.59, 0.73) 0
Neck stiffness 0.7 (0.61, 0.77) 0.41 (0.34, 0.48) 0
Shoulder referral 0.44 (0.36, 0.52) 0.66 (0.59, 0.73) 0
Hand Radiculopathy 0.15 (0.1, 0.22) 0.91 (0.85, 0.94) 0
Hand Numbness 0.13 (0.08, 0.19) 0.92 (0.87, 0.95) 0data regarding presenting symptoms and, therefore,
inter-practitioner inconsistencies when recording symp-
tomatic data at the time of presentation could not be
accounted for. Any files with missing data were excluded
from the study to limit the associated bias. A prospective
study would control for these limitations, however, the
results of this study do not provide compelling evidence
that a prospective study in this field would produce
results that would lead to a change in clinical practice.
Finally, this study only assessed for the presence of de-
generation in any one of cervical discs, facet joints or
uncovertebral joints. It did not account for presentations
of multi-level or concomitant degenerative findings.
These additional findings may help differentiate between
levels of severity of cervical degeneration, however, a val-
idated scale for this assessment could not be found in
the current literature. Validation of a more precise scale
to grade the severity of cervical degeneration may allow
for further research into this area and a better under-
standing of any association between symptomatology
and cervical degenerative joint disease.
Conclusion
In conclusion, the results of this study indicate that clinical
symptoms such as pain level (VAS), headaches, shoulder
referral and hand radiculopathy or numbness do not cor-
relate with radiographic findings of degenerative joint dis-
ease in the cervical spine. A small increase in diagnostic
accuracy between the presence of neck stiffness and all
forms of cervical degenerative joint disease was shown.
However, this increase is not at the level expected to
change clinical practice. Age was the only independent
predictor variable to demonstrate a statistically significant
correlation with radiographic findings of cervical spine de-
generative joint disease.r uncinate process hypertrophy
PV (95% CI) NPV (95% CI) LR+ (95% CI) LR- (95% CI)
.42 (0.33, 0.51) 0.55 (0.48, 0.61) 0.91 (0.66, 1.26) 1.05 (0.9, 1.22)
.48 (0.41, 0.55) 0.63 (0.54, 0.71) 1.17 (1.0, 1.38) 0.75 (0.55, 1.01)
.5 (0.42, 0.59) 0.6 (0.53, 0.66) 1.23 (0.98, 1.7) 0.85 (0.71, 1.02)
.55 (0.4, 0.7) 0.58 (0.52, 0.63) 1.59 (0.87, 2.89) 0.94 (0.86, 1.02)
.55 (0.38, 0.7) 0.57 (0.52, 0.63) 1.54 (0.81, 2.95) 0.95 (0.88, 1.03)
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for the publication of this report and any accompanying
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Abbreviations
AP: Anteroposterior; VAS: Visual analogue scale; PPV: Positive predictive value;
NPV: Negative predictive value; LR+: Positive likelihood ratio; LR-: Negative
likelihood ratio; OR: Odds ratio; 95%CI: 95% confidence intervals.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
IR was involved in the conception and design of the research, collection and
interpretation of the data, and drafting and editing of the final manuscript.
AP was involved in the conception and design of the research, data
collection and drafting and editing of the final manuscript. LO was involved
in design of the research, statistical analysis and interpretation of the data
and drafting and editing of the final manuscript. AB was involved in design
of the research, data collection and drafting and editing of the final
manuscript. KK was involved in design of the research, data collection and
editing of the final manuscript. JW was involved in design of the research,
data collection and editing of the final manuscript. HJ was involved in
conception, design and supervision of the research, statistical analysis and
interpretation of the data and editing of the final manuscript. All authors
read and approved the final manuscript.
Received: 27 May 2014 Accepted: 11 January 2015
References
1. Binder AI. Cervical spondylosis and neck pain. Br Med J. 2007;334:527–31.
2. Feder R, Hartvigsen J. Neck pain and disability due to neck pain: what is the
relation? Eur Spine J. 2008;17:80–8.
3. Bovim G, Schrader H, Sand T. Neck pain in the general population. Spine
(Phila Pa 1976). 1994;19(12):1307–9.
4. Abhishek A, Doherty M. Diagnosis and clinical presentation of osteoarthritis.
Rheum Dis Clin North Am. 2013;39(1):45–66.
5. Haldeman S, Carroll K, Cassidy DJ, Schubert J, Nygren A. The bone and joint
decade 2000–2010 task force on neck pain and its associated disorders:
executive summary. Eur Spine J. 2008;17 Suppl 1:S5–7.
6. Cassidy JD, Cote P, Carrol L. The Saskatchewan health and back pain survey.
The prevalence of neck pain and related disability in Saskatchewan adults.
Spine (Phila Pa 1976). 1998;23(17):1860–6. discussion 1867.
7. Butler JS, Oner FC, Poynton AR, O’Byrne JM. Degenerative cervical
spondylosis: a natural history, pathogenesis and current management
strategies. Advances in Orthopedics. 2012;2012:916–87.
8. Lestini WF, Wiesel SW. The pathogenesis of cervical spondylosis. Clin Orthop
Relat Res. 1989;239:69–93.
9. Ory PA. Radiography in the assessment of musculoskeletal conditions.
Best Practice and Research Clinical Rheumatology. 2003;17(3):495–512.
10. Laplante BL, DePalma MJ. Spine osteoarthritis. Am Acad Physical Medicine
and Rehabilitation. 2012;4(5 Suppl):S28–36.
11. Heller CA, Stanley P, Lewis-Jones B, Heller RF. Value of x ray examinations of
the cervical spine. Br Med J (Clin Res Ed). 1983;287(6401):1276–8.
12. French SD, Walker BF, Cameron M, Pollard HP, Vitiello AL, Reggars JW, et al.
Risk management for chiropractors and osteopaths: imaging guidelines for
conditions commonly seen in practice. Aust Chir Osteo. 2003;11(2):41–8.
13. Marchiori DM, Henderson CNR. A cross-sectional study correlating
degenerative findings to pain and disability. Spine (Phila Pa 1976).
1996;21(23):2747–51.
14. Gore DR, Sepie SB, Gardner GM, Murray PM. Neck pain: a long-term follow
up of 205 patients. Spine (Phila Pa 1976). 1987;12(1):1–5.
15. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.
Ann Rheum Dis. 1957;16:494–501.
16. Chapman JR, Dettori JR, Norvell DC. Spine Classifications and Severity
Measures. New York: Thieme Verlag; 2009. p. 186–7.
17. Kellgren JH, Ball J. Atlas of standard radiographs: the epidemiology of
chronic rheumatism, vol II. Oxford, England: Blackwell Scientific; 1963.18. Ofiram E, Garvey TA, Schwender JD. Cervical degenerative index: a new
quantitative radiographic scoring system for cervical spondylosis with
interobserver and intraobserver reliability testing. J Orthop Traumatol.
2009;10(1):21–6.
19. Williamson A, Hoggart B. Pain: a review of three commonly used pain rating
scales. J Clin Nurs. 2005;14:798–804.
20. Misailidou V, Paraskevi M, Beneka A, Karagiannidis A, Godolias G. Assessment
of patients with neck pain: a review of definitions, selection criteria, and
measurement tools. J Chiropr Med. 2010;9(2):49–59.
21. Hunter DJ. In the clinic: osteoarthritis. Ann Intern Med. 2007;147(3):ITC8-1–ITC8-16.
22. Fischer J, Bachmann L, Jaeschke R. A readers’ guide to the interpretation of
diagnostic test properties: clinical example of sepsis. Intensive Care Med.
2003;29:1043–51.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
